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ABSTRACT 
Cluster analysis was evaluated as a classification technique to group fishing locations based on 
similarities in species catch-per-unit-effort (CPUE) data obtained through on board sampling. Catch - 
data from the Monterey Bay area Commercial Passenger Fishing Vessel (CPFV) hook-and-line 
fishery were used. The analysis was designed to define potential fishery management units, refine + 
estimation of species CPUE, and evaluate fish length data for the most commonly caught species in . 
the CPFV fishery. Results produced similar location groups for two separate classifications of the 
more abundant species caught in the fishery, one based on midwater schooling species and a second 
based on benthic species. Location groups represented distinct contiguous geographic areas that 
appear to be strongly related to specific depth ranges and possibly other environmental variables. The 
differences in species composition among location groupings were distinct but apparehtly gradual, 
with no sharp species assemblage boundaries that represented clear divisions between specific 
ecological communities. Many species appeared to be distributed independently along depth 
gradients. Suggestions are given to improve the techniques used in future grouping of fishing 
locations. 
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INTRODUCTION 
Complex aspects of fish assemblages can be described by species composition and diversity, relative 
abundance, and co-occurrence of species over space and time. Large-scale geographic patterns of fish 
species assemblages can be identified using a multivariate classification procedure generally referred 
to as cluster analysis (Boesch 1977). The results of a cluster analysis can be used to describe fish 
multi-species distributions and produce species assemblage maps (Gabriel and Tyler 1980, Walters 
and McPhail 1982, Colvocoresses and Musick 1984, Mahon and, Smith 1989, Rogers and Pikitch 
1992). 
The purpose of this study was to evaluate cluster analysis as a method of grouping northern and 
central California Commercial Passenger Fishing Vessel (CPFV) fishing locations based on similarities 
in species composition. Two study objectives guided selection of the analysis methods: I) the 
clustered location groups should provide an efficient means of grouping fishing locations to reduce 
the variance and associated confidence intervals of annual species catch-per-unit-effort (CPUE) 
estimates; ii) to the extent possible, the location groups were to represent distinct contiguous 
geographic areas containing distinctive species assemblages for the species frequently caught in the 
CPFV fishery. 
The method employed is a hierarchical agglomerative clustering strategy that groups "objects" based 
on similarities of their "attributes". For this study, the objects clustered were fishing locations of the 
Monterey Bay area CPFV fishery, and their attributes were species specific CPUE estimates, derived 
fiom observed catch and angler effort sampling data. Most of the fishes included in the analysis were 
rockfish species. Other species included lingcod, Pacific hake, sablefish, Pacific sanddab, and petrale 
sole. The goal was to cluster fishing locations into groups based on similarities in (correlations 
between) their species-specific CPUE values. 
At present, the Department of Fish and Game's Central California Sport Fish Project calculates annual 
CPUE for CPFV-caught species as single point estimates over relatively large areas defined as "port 
group areas" (Reilly et al. 1993). Each port group area can include several individual ports and 
contain fishing locations that range widely both in distance from port (1-50 naut. mi.) and depth (4- 
229 m). Fishing locations also range over vastly different species assemblages and associated habitats 
(eg.- nearshore kelp forest, high-relief rocky outcrops, continental shelf and slope, submarine canyon 
ledge). For most species in the CPFV fishery, this method of CPUE calculation involves summing ' 
fishing effort over large areas where a species does not reside which can lead to misrepresentations 
of relative species abundance. 
In the future, we plan to evaluate annual species CPUE as the mean CPUE of all fishing trips to the 
locations within a particular clustered location group, treating each location visit as the sampling unit. 
Using clustered groups will result in CPUE estimates over smaller, contiguous areas that represent 
primary distributions for the most frequently occurring species in that group. 
* 
I Most rocldish species are characterized by highly contagious spatial distributions. Therefore, CPUE 
variance will be lower due to the exclusion of fishing effort outside the primary distribution areas. 
Gunderson and Sample (1980) recommended rockfish abundance estimates be developed by 
concentrating sampling effort in the most important geographic-bathymetric areas where species are 
known to reside. 
Annual CPUE values fi-om clustered location groups are assumed to be representative of relative, as 
opposed to  true, species. abundance and can be used to monitor long-term trends for those species 
targeted by the CPFV fishery. Length frequency distributions from the sampled catch are only 
indicative of the fished portion of the population but are also usefil to monitor long-term trends. 
It was anticipated that fishing location grouping patterns would be related to  clines in habitat 
characteristics. The factors most responsible for multi-species distribution patterns of continental shelf 
fishes have been identified as depth (Colvocoresses and Musick 1984, Richards 1986, Bianchi 1991, 
Mahon and Smith 1989), and bottom characteristics such as substrate and topographical relief (Love 
1980, Richards 1986). Other factors such as temperature, salinity, and the distribution of prey are 
also likely to be partly responsible. Habitat characteristics such as substrate, relief, and dominant 
vegetation also have been identified as important in the distribution of several nearshore rockfish 
species (Larson 1980, Love 1980, Hallacher and Roberts 1985). Although less information is 
available for deeper-dwelling rockfish species, they also appear to have distinct distribution patterns 
(Chen 197 1, Gabriel and Tyler 1980). 
METHODS 
There are five basic steps involved in a typical cluster analysis approach (Boesch 1977). They are: 
i) constructing the data matrix; ii) optionally standardizing the data matrix; iii) measuring the 
similarities among all pairs of objects by using the data matrix or standardized data matrix to compute 
values of a resemblance matrix; iv) executing the clustering method to process the values of the 
resemblance matrix that results in a diagram called a tree, or dendogram, representing the hierarchy 
of similarities among all pairs of objects; and v) rearranging the original data matrix based on the 
dendogram to evaluate whether the research goal has been achieved. 
The design of a cluster analysis to make a classification involves several decisions (Romesburg 
1984). These are subjective, and include: i) the choice of objects (in this case fishing locations); ii) 
the choice of attributes (in this case species CPUE); iii) the choice of whether or not to standardize 
the data matrix and, if so, how; iv) the choice of a resemblance coefficient or distance measure; v) 
the choice of a clustering method; and vi) the choice of the level of resemblance (similarity or 
dissimilarity) at which to cut the dendogram tree. These decisions transform the original data matrix 
to the final dendogram tree. Two additional decisions must be made after a dendogram is constructed 
and dendogram cutoff values are determined: i) the choice of whether or not to reassign objects to 
more appropriate clustered groups (and if so, the basis for reassignment); and ii) the choice of the 
criteria to be used to evaluate the h a l  rearranged data matrix to assess whether study objectives have 
been achieved. 
I 
Data Collection 
Number of fish per species and angler effort data were collected on board CPFV trips in the 
MontereyfMoss LandinglSanta Cruz area during the period 1987-1992. Fishing boats included in this 
analysis also embarked from the ports of Emeryville and Princeton, but over 95% originated from 
Monterey and Santa Cruz (Figure 1). Fishing locations ranged from Pescadero Point in the north to 
Point Sur in the south. 
Unique fishing locations were arbitrarily defined as circular areas, separated by a minimum distance 
based on depth (Reilly et al. 1993). For depths less than 37 m (<20 fin), location centers were no 
closer than 0.5 naut. mi. Between 37 m and 73 m (20 to 40 iin), location centers were no closer than 
1.0 naut. mi. At depths greater than 73 m (>40 iin), location centers were no closer than 2.0 naut. 
mi. 
Sampling effort was continuous from May 1987 through December 1992 except for an interruption 
fiom June 1990 through August 1991. A total of 685 boat trip visits to specific fishing locations were 
observed during this period. A total of 85 trip visits were excluded during data reduction prior to 
performing the final clustering runs leaving a total of 600 trip visits included in the analysis. For trip 
visits included in the analysis, the number observed per month ranged from 16 to 87 (Table 1). Many 
locations were sampled only during specific times of the year due to the targeting by boats of 
particular species or species groups in specific areas. The number of trip visits sampled at each 
location varied greatly depending on the popularity of the site and ranged from 5 to 59 (Table 2). In 
addition, although an attempt was made to randomly sample available boat trips by contacting 
operators on a rotating basis, observed trips did not represent a random sample of all trips embarking 
fiom the ports of interest. This was largely due to the lack of cooperation of some of the operators 
with our sampling program. 
During each trip to a fishing location, species counts were recorded for a subset of the anglers on 
board that could be accurately observed. AU fish landed by these anglers were included in the analysis, 
including both kept fish and released fish. Angler effort was estimated for each location by multiplying 
the time anglers spent fishing by the number of observed anglers. 
CPUE, expressed as number of fish caught per angler hour, was used in the cluster analysis to 
represent the relative abundance for each species at each fishing location. CPUE values were 
calculated for a 6-year period (1987-1992). Calculation involved summing species-specific catches 
over all boat trip visits and dividing by the sum of the products of observed anglers and fishing time 
for each trip visit. Due to inconsistent sampling effort, pooling data over the entire study period best 
represented the species composition of each location. Using alternative methods to compute CPUE, 
such as the mean of annual averages or mean of trip CPUE over the 6-year study period, would bias 
some location CPUE values because of the inconsistent sampling effort. 
Pescadero Point 
Davenport . 
Santa Cruz 
Moss Landing 
Point Lobos 
FIGURE 1. Commercial passenger fishing vessel fishing location sampling area (depth contours 
in meters). 
TABLE 1. Monthly totals for observed fishing trip visits by year, 1987 to 1992. 
1987 1988 1989 1990 1991 1992 Total 
Jan 0 5 12 1 0 6 24 
Feb 0 12 16 5 0 5 3 8 
Mar 0 12 22 9 0 12 55 
A P ~  4 14 8 10 0 8 44 
May 11 14 8 8 0 9 5 0 
Jun 11 6 17 1 0 8 43 
Jul 17 19 10 0 0 16 62 
20 24 18 0 4 3 69 
S ~ P  16 19 13 0 6 10 64 
Oct 26 20 17 0 2 22 8 7 
Nov 19 6 4 0 12 7 48 
Dec 7 5 3 0 0 1 16 
Total 13 1 156 148 3 4 24 107 600 
Data Reduction 
Angler catch and effort data were collected fiom 75 fishing locations within the study area. Locations 
were excluded from the analysis if the number of trip visits observed was less than five. Initial 
exploratory cluster runs indicated this was the minimum level of sample data that could be relied upon 
in order for species composition to be representative of a location. This excluded 33 locations fiom 
the data matrix leaving a total of 42 locations included in the analysis (Table 2). 
A total of 68 species were identified. Species were excluded from the data matrix if the sum of their 
observed catch (all locations combined) was less than 0.1% of the summed total of the combined 
catch. This excluded 36 species from the data matrix with 32 species remaining. Two additional 
pelagic species, chub mackerel, Scomber japonicus, and jack mackerel, Trachurus symmeh.icus, were 
also removed after preliminary cluster runs indicated their presence determined the clustering position 
for several locations. Both chub mackerel and jack mackerel were found to have completely different 
distribution patterns than any of the other species. This left a total of 30 species in the final data set 
used for cluster analysis (Table 3). 
The 0.1% cutoff value for species exclusion was established for three reasons. First, rarer species are 
caught too infrequently to provide meaninghl CPUE values and cannot be relied upon to assess 
relative abundance. Second, the chances for misidentification by field samplers were relatively high 
for the rarer species. The accuracy rate for correct field identification for a species is highly correlated 
to the amount of prior experience with that species in the field. Due to their rarity, misidentification 
TABLE 2. Monthly totals for observed fishing trip visits by location, 1987 to 1992. 
Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
1  1 0 1 1 1 0 1 2 0 2 1 0  10 
Total 24 38 55 44 50 43 62 69 64 87 48 16 600 
TABLE 3. Species included in cluster analyses (listed in rank order of abundance). 
- 
Chilipepper 
Blue rockfish 
Yellowtail rockfish 
Widow rockfish 
Bocaccio 
Pacific hake 
Olive rockfish 
Canary rockfish 
Black rockfish 
Squarespot rockfish 
Speckled rockfish 
Bank rockfish 
Shortbelly rockfish 
Lingcod 
Rosy rockfish 
Greenspotted rockfish 
Greenstriped rockfish 
Midwater Schooling Species 
Sebastes goodei 
Sebastes mystinus 
Se bastes flavidus 
Sebastes entomelas 
Sebastes paucispinis 
Merluccius productus 
Sebastes serranoides 
Sebastes pinniger 
Se bastes melanops 
Se bastes hopkinsi 
Sebastes ovalis 
Sebastes rufus 
Sebastes jordani 
Benthic Specie3 
Ophiodon elongatus 
Se bastes rosaceus 
Sebastes chlorostictus 
Sebastes elongatus 
Starry rockfish Se bastes co~e l la tus  
Vermilion rockfish Se bastes miniatus 
Copper rockfish Sebastes caurinus 
Sablefish Anoplopoma fimbria 
Pacific sanddab Citharichthys sordidus 
Gopher rockfish 
Yelloweye rockfish 
Flag rockfish 
China rockfish 
Sebastes camatus 
Sebastes ruberrimus 
Sebastes rubrivinctus 
Sebastes nebulosus 
Brown rockfish Sebastes auriculatus 
Rosethorn rockfish Sebastes helvomaculatus 
Stripetail rockfish Sebastes saxicola 
Petrale sole Eopsetta jordani 
errors for these species are magnified during the cluster analysis procedure and can result in 
producing incorrect co-occurrence relationships. Third, because of their low probability of occurrence 
in the data set, rarer species tend to provide less discriminative power during the clustering 
procedure, tending to produce co-occurrence relationships that are due more to chance than to similar 
habitat requirements. 
Study Design 
Several abundant species are targeted by the Monterey Bay area CPFV fishery and determine the 
locations fished at specific times of the year. These species include midwater schooling rockfish 
species and lingcod. When midwater schooling rockfish species are targeted, most of the fishing effort 
is directed a considerable distance above the substrate. Benthic species are much less likely to be 
caught while midwater schoolers are targeted in this way. If the proportion of effort spent fishing for 
midwater schooling species versus benthic species differs greatly from location to location, then 
CPUE for a given species (or percent catch composition for that matter) becomes less reliable as an 
indicator of relative species abundance. This is particularly true for the benthic species. 
To insure species CPUE values were comparable across the study locations, the data set was 
separated into two species groups (Table 3) based on differences in distribution relative to the bottom 
(Larson 1980, Love 1980, Hallacher and Roberts 1985, Matthews 1990, Lea et al. 1995, R. Lea, D. 
Ventresca, and P. Reilly, Calif Dept. Fish and Game, Monterey, pers. comm.). Separate cluster 
analyses were performed on each species group. The first group represented species that reside in the 
water column or are parademersal (associated with the benthos but usually reside a short distance off 
the bottom). The second group includes the benthic species (usually found residing directly on the 
bottom). Rockfish dominated both species groups by total number, representing about 75% of the 
benthic species group and over 90% of the midwater schooling group. 
By designing for two separate, but tandem, cluster analysis runs on the benthic and midwater 
schooling species, location CPUE values for benthic species and midwater schooling species could 
be considered more comparable across all the locations within the study area. In addition, this design 
allowed for direct comparison ofthe two sets of results to determine if benthic species and midwater 
schooling species have different overall distribution patterns. It also allowed for speculation as to 
what factors might explain differences or similarities between the location grouping pattern obtained 
for each set. 
Cluster Analysis Methods 
Exclusive agglomerative hierarchical clustering strategies were used for both species groups. An 
exclusive classification is one in which an object may occur in only one group. Agglomerative 
clustering successively joins cases or groups of cases based on similarities in their attributes. 
. 
Hierarchical clustering optimizes a route between objects relative to the entire set of attributes by 
progressive fbsions (Boesch 1977). Computation of the original species CPUE data matrix was 
performed using SAS (SAS Institute, Inc. 1987). The data matrix was converted into a DBASE 
database file (Borland International, Inc. 1992) and imported into the statistical software SYSTAT 
for Windows, Version 5.03 (SYSTAT Inc. 1992) which was used to carry out all cluster analysis 
procedures. 
'7 Two separate cluster analyses using different resemblance measures were performed on each species 
group. The first method used Kendall's Tau ranking coefficient (Romesburg 1984) to measure 
dissimilarity between locations. This coefficient measures the correlation between two sets of 
rankings. Species CPUE values at each location were converted to ranked scores and the coefficient 
was used to compute a correlation value for each possible pair of locations creating the resemblance 
matrix. This coefficient gives equal weighting to all species in a species group during location 
clustering. Consequently, the clustered location groups defined by the Tau coefficient should best 
represent ecological factors that are correlated with multi-species distribution patterns. 
The second method used Pearson product-moment correlation coefficient (Romesburg 1984). This 
coefficient weights the dominant species within each species group during location clustering and is 
best suited to produce efficient grouping of locations based on the most dominant species 
distributions. The coefficient standardizes all species CPUE values at a given location by subtracting 
the mean of all species CPUE at a given location from each species CPUE and dividing by the 
standard deviation. 
The group average clustering method (Sokal and Michener 1958), also called the unweighted pair- 
group method using arithmetic averages, or UPGMA (Romesburg 1984), was used to cluster 
locations for all four cluster analyses. This method averages all distances between pairs of locations 
in dierent clusters to determine how closely the clustered groups of locations resemble each other, 
and determines the level of dissimilarity at which groups of locations merge. 
Program output produced four dendograms showing the position at which all locations joined 
clustered groupings along the dissimilarity scales. Groups that join at the lower end of the 
dissimilarity scales are considered most similar to each other while groups joining at the higher end 
of the scales indicates they are most dissimilar. The actual dissimilarity values used as the dendogram 
cutoff values to define location clusters were based on arbitrary decisions guided solely by the study 
objectives. The dendogram was studied for natural breaks in the dendograrn branches. A cutoff value 
was established by looking along the dissimilarity scale for a clean break across the dendogram 
branches that defined between four and eight location groupings. It was felt this was a reasonable 
number of groups to define given the various objectives of the study. Some weight was also given 
to producing geographically distinct location groups during the establishment of the dendogram cutoff 
values. 
The original species-by-location CPUE data matrices were then rearranged to represent the location 
grouping structure of the dendograrn trees. The rearranged data matrices were used to evaluate how 
well the clustering procedures produced grouping patterns that met the two research objectives of 
the study. The first goal, reducing the variance of future annual species CPUE estimates, was 
evaluated using two criteria: i) the number of zero values for each species excluded by the location 
groupings; and ii) the number of relatively low CPUE values for a given species excluded by the 
location groupings. The second goal of the study, to establish geographically distinct location groups 
with distinctive species assemblages, was evaluated by mapping the location grouping results of the 
four clustering runs and comparing them to each other and by evaluating species assemblage patterns 
in the rearranged CPUE matrices. r 
The rearranged matrices were also reviewed to assess the appropriateness of the initial grouping 
assignments defined by the dendogram cutoff values. Some locations were joined or reassigned to 
other location groups if their compliment of species CPUE values seemed more appropriately joined. 
This was done particularly for location groups with one or two locations because they had little value 
given the study objectives. In addition, a few locations were joined or reassigned if they were more 
geographically related to another location group. 
RESULTS 
Midwater Schooling Species Group 
Kendall's Tau Ranking Coefficient (Equal Species Weighting,) 
Equal species weighting (Kendall's Tau coefficient) produced a final total of six location groupings, 
after reassignment, at a dissimilarity cutoff value of -0.56 (Figure 2). Initially, a total of 10 location 
groups were identified at the -0.56 level, including four single location groups (locations 19, 21, 22, 
and 17) which were joined to other, more appropriate location groups. The location groups were for 
the most part geographically and bathyrnetrically distinct. The groups were given names based on 
their overall geographic and bathymetric attributes: i) Canvon Ledge - virtually all fishing locations 
along the edge of Monterey Submarine Canyon and a single location on the edge of the Camel 
Submarine Canyon; ii) North Shelf - all locations along a portion of the continental shelf near the shelf 
edge starting just west of the Monterey Submarine Canyon and extending northwest along the 
coastline to approximately Davenport; iii) South Depth Transition - a small set of locations in rnid- 
depth areas between Monterey and Point Sur with highly variable depths within each location; iv) 
Monterey Flats - a series of mid-depth locations covering most of the south side of Monterey Bay 
along with a few mid-depth nearshore locations adjacent to the North Shelf area; v) South Shallow - 
virtually all shallow locations fiom Monterey to Point Lobos; and vi) North Shallow - shallow fishing 
locations fiom Davenport north to Pescadero Point. Maps showing the relative geographic areas of 
the clustered location groups based on the various clustering procedures reported are not included 
in this report due to sensitivity within the CPFV industry in revealing detailed fishing location 
information. 
Percent numerical contribution of midwater schooling species within each location group based on 
Tau coefficient clustering revealed distinct differences in the species assemblages of the location 
groups (Table 4). Catches within the Canyon Ledge group were dominated by chilipepper with 
Canyon Ledge North Shelf South Depth Monterey Flats 
Group Group Transition Group 
Group 
South Shallow 
Group 
North Shallow 
Group 
FIGURE 2. Clustering of fishing locations for midwater schooling species based on Tau correlation coefficient. Cutoff value (dashed line) denotes 
initial location groups defined by cluster analysis. Final location group membership (shaded bars) includes reassignment of locations 
after program run. 
TABLE 4. Percent numerical contribution of each midwater schooling species within location 
groups clustered using Kendall's Tau ranking coefficient (equal species weighting) as 
the resemblance measure. 
LOCATION GROUPS 
Canyon North South Monterey South North 
Ledge Shelf Depth Flats Shallow Shallow 
Transition 
Number of Locations 10 5 4 7 12 4 
Number of Trip Visits 144 76 5 6 76 217 3 1 
Black rockfish 32.5 
Canary rockfish 1.1 2.3 1.4 2.5 1.5 6.6 
Yellowtail rockfish 1.9 23.0 19.7 26.1 26.6 17.4 
Speckled rockfish 0.2 0.6 0.4 1.0 0.7 
Olive rockfish <O. 1 0.1 2.8 0.2 6.2 1 .O 
Blue rockfish <O. 1 12.7 0.5 55.0 41.4 
Squarespot rockfish 0.1 0.1 2.0 2.5 1.0 
Widow rockfish 4.9 1.9 15.6 41.8 4.1 0.1 
Bocaccio 7.1 17.2 4.5 23.9 4.3 1.1 
Shortbelly rockfish 0.4 <O. 1 <O. 1 <O. 1 
Chilipepper 73.2 54.4 40.6 1.3 <O. 1 
Pacific hake 10.7 0.3 0.2 0.1 0.2 
Bank rockfish 0.3 0.1 0.1 0.4 
Pacific hake contributing lesser but significant numbers. The North Shelf group was dominated by 
chilipepper with yellowtail rockfish and bocaccio the other prevalent species. The South Depth 
Transition group was dominated by chilipepper with yellowtail, blue and widow rockfishes 
contributing approximately equally to the group. The Monterey Flats group was dominated by widow 
and yellowtail rockfishes and bocaccio. The South Shallow group was dominated by blue and 
yellowtail rockfishes, while the North Shallow group was dominated by blue and black rockfishes 
with yellowtail rockfish next most prevalent. 
Further insight into the nature of the grouping pattern can be gained by looking at the proportion of 
the overall catch for each species across the location groups (Table 5). This helps identifjl how well 
some of the location groupings cover species distribution patterns within the study area and identifies 
how distinct the species assem~blages of each location group are from each other. Relative differences 
in sampling effort (number of trip visits) among the groups must be considered however when 
evaluating the significance of summed catch results. 
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Several of the midwater species Tau coefficient location groups contained indicator species which 
defined the group. For example, nearly 90% of blue and olive rockfish catches were in the South 
Shallow group while the North Shallow group represented 100% of black rockfish catches. The 
Canyon Ledge group had three species which defined the group, containing greater than 75% of 
chilipepper catches, and over 90% of the catch for Pacific hake and shortbelly rockfish. By contrast, 
the North Shelf, South Depth Transition, and Monterey Flats groups included mostly species with 
r 
more widespread distributions such as canary, yellowtail, speckled, and widow rockfishes and 
bocaccio. Among these three location groups, widow rockfish catches in the Monterey Flats group 
(49.5%) represented the only species that approached a dominant status. 
There appeared to be a strong relationship between location groups and depth (Table 6). The mean 
minimum and maximum depths of fishing location visits within location groups revealed shallowest 
depths for the North Shallow group followed by the South Shallow, South Depth Transition Areas, 
Monterey Flats, North Shelf, and Canyon Ledge groups. The boundaries between location groups 
tended to occur along depth transition areas where depths changed radically over a short distance. 
TABLE 6. Mean minimum and mean maximum depths and depth ranges (meters and fathoms) 
for visits to locations within clustered groups for midwater schooling species using 
Tau ranking coefficient. 
Mean Minimum Mean Maximum 
Depth Depth Range 
Group m fm m fm m fin 
Canyon Ledge 116.3 63.6 135.3 74.8 73.2-219.5 40.0-120.0 
North Shelf 114.7 62.7 130.6 71.4 82.3-274.3 45.0-150.0 
South Depth 76.1 41.6 95.5 52.2 18.3-201.2 10.0-1 10.0 
Transition Areas 
Monterey Flats 87.4 47.8 95.3 52.1 69.5-129.8 38.0- 71.0 
South Shallow 54.7 29.9 67.5 36.9 14.6-146.3 8.0- 80.0 
North Shallow 28.5 15.6 40.4 22.1 9.1- 93.3 5.0- 51.0 
Pearson Product-Moment Correlation Coefficient (Dominant Species Weighting) 
Dominant species weighting for the midwater schooling species group produced a location grouping 
pattern similar to that obtained using the Tau ranking coefficient but with a few important differences 
(Figure 3). Groups were defined at a dissimilarity cutoff value of 0.40. A single location group 
(location 27) was joined with another cluster to form a more appropriate location group. The groups 
were given names based on the dominant species that tended to drive the location group clustering. 
The Black Rockfish group combined the three locations where black rockfish CPUE was highest. 
This group was almost identical to the North Shallow group defined using equal species weighting. 

The Blue Rockfish group was similar to the South Shallow group except more restricted. It included 
shallow locations only between Monterey and Carmel Canyon. The Yellowtail Rockfish group 
included two geographically separate units consisting of five and seven locations, respectively. The 
first included all the continental shelflocations (both near the shelf edge and a few shallow locations) 
starting just west of Monterey Submarine Canyon and extending northwest along the coastline to 
near Davenport. This unit was quite similar to the North Shelf group defined by Kendall's Tau 
coefficient clustering. By contrast, the second unit of the Yellowtail Rockfish group defined a r 
different, geographically distinct area which included all shallow and mid-depth locations from near 
Carmel Canyon south to Point Lobos. The Widow Rockfish group is a subset of the locations 
included in the Monterey Flats group that was defined through Kendall's Tau clustering. The 
Chilipepper group included all locations along the edge of Monterey and Carmel Submarine Canyons 
and a few locations in close proximity to the canyon edge but in shallower water than most of the 
typical canyon fishing locations. The Chilipepper group is almost identical to the Canyon Ledge group 
defined by Kendall's Tau coefficient clustering except that it included many Carmel Submarine 
Canyon locations. None of the location groups defined by Pearson Product-Moment coefficient 
clustering was similar to the South Depth Transition group defined by Kendall's Tau coefficient 
clustering. 
Percent numerical contribution of midwater schooling species within each location group based on 
Pearson coefficient clustering shows the expected dominance of the indicator species (Table 7). The 
only exception to this was the Black Rockfish group where blue rockfish outnumbered black rockfish; 
however, the group name seems justified given that black rockfish were unique to the group (Table 
8) . Percent contribution for each midwater schooling species across all location groups based on 
dominant species weighting (Table 8) resulted in some change to the contribution of each species to 
each location group when compared to equal species weighting (compare to Table 5). Not 
surprisingly, species contributions were very similar between the Black Rockfish group and North 
Shallow group, the Blue Rockfish group and South Shallow group, the Widow Rockfish group and 
Monterey Flats group, and the Chilipepper group and Canyon Ledge group. Significant differences 
can be observed in species contribution between the Yellowtail Rockfish group and the North Shelf 
group. 
Again, there appeared to be a strong relationship between location groups and depth (Table 9). The 
mean minimum and maximum depths of fishing location visits within the location groups revealed 
shallowest depths for the Black Rockfish group followed by the Blue Rockfish, Yellowtail Rockfish, 
Widow Rockfish and Chi1ipepper.groups. The boundaries between location groups again tended to 
occur along depth transition areas where depths changed radically over a short distance. 
Comparison of Tau Versus Pearson Coefficient Clustering 
Tables 10 and 11 show the original location by species CPUE data matrices rearranged to represent 
the two midwater schooling species dendogram trees. These results are usehl in evaluating how well 
the two clustering procedures meet the research goals of this study (reduce variance of fiture annual 
species CPUE estimates, establish geographically distinct location groups with distinctive species 
assemblages). They also can be used as a guide when conducting hture CPUE analysis in the 
Monterey Bay area. The tables could be used to decide which location groupings should be used to 
evaluate CPUE or length data for each species. Tables 10 and 11 are also instructive in providing 
TABLE 7. Percent numerical contribution of each midwater schooling species within location 
groups clustered using Pearson product-moment correlation coefficient (dominant 
species weighting) as the resemblance measure. 
LOCATION GROUPS 
Black Blue Yellowtail Widow Chilipepper 
Rockfish Rockfish Rockfish Rockfish 
Number of Locations 3 9 12 5 13 
Number of Trip Visits 26 164 168 52 190 
Black rockfish 36.1 <O. 1 
Canary rocHsh 5.8 1 .1  4.3 1.2 1 .O 
Yellowtail rockfish 10.9 22.8 43.5 19.0 2.1 
Speckled rockfish 0.4 1.4 0.7 0.2 
Olive rockfish 1.1  7.1 2.0 0.1 0.1 
Blue rockfish 45.8 61.8 15.1 0.5 0.5 
Squarespot rockfish 0.9 1.2 2.9 0.1 
Widow rockfish 3.2 9.0 47.9 4.6 
Bocaccio 0.4 2.1 10.8 26.1 8.6 
Shortbelly rockfish <O. 1 <O. 1 0.4 
Chilipepper <O. 1 12.0 1.5 73.5 
Pacific hake 0.3 0.4 <O. 1 8.7 
Bank rockfish 0.4 0.2 0.2 
some ofthe rational behind the reassignment of locations to more appropriate location groups after 
the two cluster program runs were made on the midwater species group. 
As expected, Pearson coefficient clustering was more efficient at grouping relatively high CPUE 
values for the dominant midwater schooling species, while Tau coefficient clustering was more 
efficient at grouping the high CPUE values for several of the rarer species in the data set (Compare 
Tables 10 and 11). Pearson coefficient clustering was more efficient for black, yellowtail, olive, and 
blue rockfishes as well as bocaccio, chilipepper and Pacific hake. This conclusion is based on the 
number of zero CPUE values excluded by the grouping and by the degree to which relatively high 
CPUE values with similar ranges are grouped to the exclusion of relatively low CPUE values. 
Kendall's Tau ranking coefficient clustered more eficiently for squarespot, shortbelly, and bank 
rockfishes. No noticeable differences were observed in the grouping efficiency of the two coefficients 
for canary, speckled and widow rockfish. 
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TABLE 9. Mean minimum and mean maximum depths and depth ranges (meters and fathoms) 
for visits to locations within clustered groups for midwater schooling species using 
Pearson product-moment correlation coefficient. 
Mean Minimum Mean Maximum 
Depth Depth Range 
- 
Group m fin m fin m fm 
Black Rockfish 21.8 11.9 34.9 19.1 9.1- 84.1 5.0- 46.0 
Blue Rockfish 49.2 26.9 61.1 33.4 14.6-137.2 8.0- 75.0 
Yellowtail Rockfish 83.0 45.4 96.4 52.7 23.8-274.3 13.0-150.0 
Widow Rockfish 86.0 47.0 95.3 52.1 69.5-129.8 38.0- 71.0 
Chilipepper 116.1 63.5 137.0 74.9 18.3-219.5 10.9-120.0 
Benthic Species Group 
n 11' T R kin i hin 
Location groups were defined for the benthic species at a dissimilarity value of -0.41 (Figure 4), 
establishing four location groups that were geographically and bathymetrically distinct and quite 
similar to the grouping pattern obtained for Tau coefficient clustering for midwater schooling species. 
Four locations (27, 26, 22, and 17) were reassigned to other, more appropriate location groups. 
Location groups included: i) South Shallow; ii) North Shallow; and iii) Canyon L e d ~ g  (all similar to 
groups based on Tau coefficient clustering of midwater schooling species); and iv) Shelf Flats, a 
combination of the locations contained in the North Shelf, Monterey Flats, and South Depth 
Transition groups for the Tau coefficient clustering of midwater schooling species. 
Benthic location groups were dominated by different species (Table 12). The Canyon Ledge group 
was chiefly composed of greenstriped and greenspotted rockfishes, sablefish, and lingcod. Within 
the Shelf Flats group, greenspotted, rosy, greenstriped and starry rockfishes and lingcod were 
prominent species. Rosy and starry rockfishes and lingcod dominated the South Shallow group. 
Lingcod dominated the North Shallow group with gopher rockfish next most common. 
The proportion ofthe overall catch for each species across all location groups was examined (Table 
13). Location groups that contained a large percentage (>70%) of the total catch of a single species 
were Canyon Ledge for sablefish and stripetail rockfishes, Shelf Flats for copper, flag and 
greenspotted rockfishes, and North Shallow for China and brown rockfishes. In contrast, some 
species were well represented across two or more location groupings. This was true for lingcod, 
vermilion, starry, rosy, yelloweye, greenstriped, and rosethorn r ~ c ~ s h e s  and Pacific sanddab and 
petrale sole. 
TABLE 10. Species 6-Year (1987- 1992) CPUE values for midwater schooling species at 42 fishing locations arranged in clustered groups using 
Kendall's Tau coefficient as the resemblance measure. 
Solid horizontal lines represent h a 1  location group divisions including reassignment of locations after program run. Dotted horizontal lines represent divisions behueen clustered location groups that were initially 
d e h e d  by the dendogram cutoffvalue and were later joined with a similar adjoining group in the dmdrogram to form a single clustered group. Shaded areas identify location grouph&s f a  each species that appear 
optimal f a  reducing h e  variance of future species annual CPUE estimates. 
TABLE 11. Species 6-Year (1987- 1992) CPUE values for midwater schooling species at 42 fishing locations arranged in clustered groups using 
Pearson product-moment correlation coefficient as the resemblance measure. 
Black Canary Yellowtail Speckled Olie  Blue Widow Boccacio Shortbelly Chilipepper Pacif~ Bank 
Group Location rockfish rockfish rockash rockfih rockfish rockfish ?EZt rockfish rockfish hake rockfish 
Solid horizontal lines represent 6114 location goup divisions including reassignment oflocations after program run. Dotted horizontal lines represent divisions behueen clustered location p u p s  that were initially 
dehed bj the dendogram cutoffvalue and werelata w e d  with a similar adjoining goup in the deadrog~m to form a single clustered group. Shaded areas identify location groupings f a  each species that appear 
optimal f u  reducing the variance of fulure species annual CRTE estimates. 
Canyon Ledge 
Group 
Shelf Flats Group 
(North Shelf + Monterey Flats + South Depth Transition) 
South Shallow 
Group 
North 
Shallow 
Group 
FIGURE 4. Clustering of fishing locations for benthic species based on Tau correlation coefficient. Cutoff value (dashed line) denotes initial 
location groups defined by cluster analysis. Final location group membership (shaded bars) includes reassignment of locations after 
program run. 
TABLE 12. Percent numerical contribution of each benthic species within location groups 
clustered using Kendall's Tau ranking coefficient (equal species weighting) as the 
resemblance measure. 
LOCATION GROUPS 
Canyon Shelf South North 
Ledge Flats Shallow Shallow 
Number of Locations 10 17 12 3 
Number of Trip Visits 158 213 203 26 
Lingcod 10.5 12.1 22.8 49.9 
Gopher rockfish 0.3 4.0 15.5 
China rockfish 0.1 <O. 1 1.5 9.9 
Brown rockfish 0.6 0.1 8.1 
Vermilion rockfish 2.4 3.1 6.9 9.5 
Copper rockfish 0.2 5.6 2.1 4.2 
Starry rockfish 1.2 10.4 22.3 0.6 
Rosy rockfish 4.0 17.4 34.0 1.3 
Pacific sanddab 3.4 2.2 4.5 0.2 
Flag rockfish 0.8 2.8 <O. 1 
Yelloweye rockfish 1.6 1.5 0.8 0.5 
Petrale sole 1.5 0.7 0.2 
Greenspotted rockfish 16.1 25.5 0.5 0.3 
Greenstriped rockfish 31.4 15.9 0.2 
Rosethorn rockfish 2.2 1.1 0.1 
Sablefish 20.2 0.7 0.1 
Stripetail rockfish 4.5 0.1 
Pearson Product-Moment Correlation Coefficient (Dominant Species Weighting) 
Location groups were defined for the benthic species at a dissimilarity value of 0.43 (Figure 5) 
establishing four location groups that were geographically distinct. Six locations (22, 24, 39, 35, 29, 
and 28) were reassigned to other, more appropriate location groups. Location group names were 
assigned to represent dominant and/or indicator species that largely determined the clustering. The 
grouping pattern was similar in some ways to that produced by Tau coefficient clustering for benthic 
species but also gave several significantly different groupings: i) Linacoe group included the North 
Shallow group locations along with most of the Monterey Flats and a few South Shallow locations; 
ii) Posy Rockfish group was very similar to the South Shallow group; iii) Greenspotted Rockfish + 
Comer Rockfish group was very similar to the North Shelf group; and iv) Beenstri~ed Rockfish + 
Sablefish group was very similar to the Canyon Ledge group. 
TABLE 13. . Percent numerical contribution for each benthic species across all location groups clustered using Kendall's Tau ranking 
coefficient (equal species weighting) as the resemblance measure. 
LOCATION GROUPS 
Canyon Ledge Shelf Flats South Shallow North Shallow 
Number of Locations 10 17 12 3 
Number of Trip Visits 158 213 203 24 
SPECIES 
Lingcod 
Gopher rockfish 
China rockfish 
Brown rockfish 
Vermilion rockfish 
Copper rockfish 
N Starry rockfish 
P Rosy rockfish 
Pacific sanddab 
Flag rockfish 
Yelloweye rockfish 
Petrale sole 
Greenspotted rockfish 
Greenstriped rockfish 
Rosethorn rockfish 
Sablefish 
Stripetail rockfish 89 (96.7) 3 (3.3) 

Again, there appeared to be a strong relationship between location groups and depth (Table 14) 
similar to that observed for the Tau coefficient clustering of the midwater schooling species group. 
TABLE 14. Mean minimum and mean maximum depths and depth ranges (meters and fathoms) . 
for visits to locations within clustered groups for benthic species using Tau ranking 
coefficient. 
Mean Minimum Mean Maximum 
Depth Depth Range 
Group m fm m fm m fm 
Canyon Ledge 118.7 64.9 139.0 76.9 73.2-219.5 40.0-120.0 
Shelf Flats 87.4 47.8 99.3 54.3 23.8-274.3 13.0-150.0 
South Shallow 55.0 30.1 67.5 36.9 14.6-146.3 8.0- 80.0 
North Shallow 21.6 11.8 35.1 19.2 9.1- 84.1 5.0- 46.0 
Percent numerical contribution of each benthic species within clustered groups based on Pearson 
coefficient clustering showed the expected dominance of the indicator species, with the exception of 
copper rockfish, within each location group (Table 15). Lingcod strongly dominated the Lingcod 
group, rosy and starry rockfishes and lingcod dominated the Rosy Rockfish group, and greenstriped 
and greenspotted rockfish and sablefish dominated the Greenstriped Rockfish + Sablefish group. 
The Greenspotted + Copper Rockfish group was dominated by greenspotted, greenstriped, and rosy 
rockfishes. Although copper rockfish was considered an indicator species for this group, it did not 
dominate the percent contribution (Table 15). However, this group contained almost 60% of all 
copper rockfishes observed in the study area (Table 16). At two locations (39 and 35) copper 
rockfish CPUE was much higher than for any other species. Not surprisingly, Pearson coefficient 
clustering initially joined the two locations as a separate cluster (Figure 5) because the dominant 
species at each location are heavily weighted by the coefficient. This two-location group was later 
joined to a group of locations that were clustered because of dominant greenspotted rockfish CPUE 
values. The smaller two-location group had little value given the objectives of the study. It was joined 
to the larger group because it formed a distinct contiguous geographic area when joined, and it was 
most similar to the larger group of any of the other clustered location groups. 
Again, there appeared to be a strong relationship between location groups and depth (Table 17). 
Percent contribution for each benthic species across all location groups based on dominant species 
weighting (Table 16) resulted in some change to the contribution of each species to each location 
group when compared to equal species weighting (compare to Table 13). 
TABLE 15. Percent numerical contribution of each benthic species within location groups 
clustered using Pearson product-moment correlation coefficient (dominant species 
weighting) as the resemblance measure. 
LOCATION GROUPS 
. Lingcod Rosy Greenspotted Greenstriped 
Rockfish Rockfish + Rockfish + 
Copper Rockfish Sablefish 
Number of Locations 13 13 7 9 
Number Trip Visits 116 247 8 1 156 
Lingcod 50.9 18.1 3.9 4.2 
Gopher rockfish 8.6 3.1 0.1 
China rockfish 5.0 1.3 0.1 
Brown rockfish 4.7 <O. 1 0.5 
Vermilion rockfish 7.3 5.7 2.9 2.5 
Copper rockfish 4.0 1.9 6.8 0.2 
Starry rockfish 4.8 23.0 7.9 1.5 
Rosy rockfish 6.7 37.4 12.5 5.0 
Pacific sanddab 0.6 4.4 2.2 3.7 
Flag rockfish 0.8 <O. 1 3.5 1.1 
Yelloweye rockfish 1.3 0.8 1.5 1.3 
Petrale sole 0.1 0.2 0.9 1.6 
Greenspotted rockfish 2.5 1.9 34.9 . 16.6 
Greenstriped rockfish 1.9 1.7 20.4 34.0 
Rosethorn rockfish 0.2 0.3 1.3 2.3 
Sablefish 0.4 0.1 0.9 2 1.4 
Stripetail rockfish 0.1 0.1 4.7 
Comparison of Tau Versus Pearson Coefficient Clustering 
Tables 18 and 19 show the original location by species CPUE data matrices rearranged to represent 
the two benthic species dendogram trees. For the dominant benthic species, Pearson coefficient 
clustering was more efficient at grouping relatively high CPUE values (compare Tables 18 and 19). 
Pearson coefficient clustering was more efficient for lingcod, starry, rosy, flag, greenstriped, and 
greenspotted rockfishes and petrale sole, and sablefish. Kendall's Tau ranking coefficient clustered 
more efficiently for gopher, China, brown, vermilion, copper, and yelloweye rockfishes. No noticeable 
I - 
< differences were observed in the grouping efficiency of the two coefficients for Pacific sanddab and 
rosethorn and stripetail rockfishes. Tables 18 and 19 are also instructive in providing some of the 
rationale behind the reassignment of locations to more appropriate location groups after the two 
cluster program runs were made on the benthic species group. 
TABLE 16. Percent numerical contribution for each benthic species across all location groups clustered using Pearson product- 
moment correlation coefficient (dominant species weighting) as the resemblance measure. 
LOCATION GROUPS 
Lingcod Rosy Rockfish Greenspotted Rockfish Greenstriped Rockfish 
+ Copper Rockfish + Sablefish 
Number of Locations 13 13 7 9 
Number of Trit, Visits 116 247 8 1 156 
SPECIES cQ!ut% cQu&% ci2mt% cQu&% 
Lingcod 1,323 (61.2) 616 (28.5) 145 (6.7) 78 (3.6) 
Gopher rockfish 223 (67.2) 107 (32.2) 2 (0.6) 
China rockfish 130 (74.3) 44 (25.1) 1 (0.6) 
Brown rockfish 122 (85.3) 1 (0.7) 20 (14.0) 
Vermilion rockfish 189 (35.3) 195 (36.4) 106 (19.8) 46 (8.6) 
Copper rockfish 104 (24.5) 65 (15.3) 253 (59.5) 3 (0.7) 
Starry rockfish 126 (10.2) , 784 (63.7) 293 (23.8) 28 (2.3) 
Rosy rockfish 175 (8.7) 1,275 (63.5) 465 (23.2) 92 (4.6) 
Pacific sanddab 16 (5.0) 150 (47.3) 82 (25.9) 69 (21.8) 
Flag rockfish 22 (12.8) 1 (0.6) 129 (75.0) 20 (11.6) 
Yelloweye rockfish 34 (24.3) 27 (19.3) 55 (39.3) 24 (17.1) 
Petrale sole 2 (2.8) 8 (11.1) 32 (44.4) 30 (41.7) 
Greenspotted rockfish 64 (3.7) 64 (3.7) 1,296 (74.8) 308 (17.8) 
Greenstriped rockfish 50 (3.3) 57 (3.8) 759 (50.7) 63 1 (42.2) 
Rosethorn rockfish 4 (3.8) 9 (8.7) 48 (46.2) 43 (41.3) 
Sablefish 11 (2.5) 2 (0.5) 32 (7.2) 397 (89.8) 
Stripetail rockfish 3 (3.3) 2 (2.2) 87 (94.6) 
TABLE 17. Mean minimum and mean maximum depths and depth ranges (meters and fathoms) 
for visits to locations within clustered groups based on cluster analysis of benthic 
species using Pearson product-moment correlation coefficient. 
Mean Minimum Mean Maximum 
Depth Depth Range 
Group m fin m fin m fin 
Lingcod 65.5 35.8 76.6 41.9 9.1-159.1 5.0- 87.0 
ROSY Rockfish 61.3 33.5 75.5 41.3 18.3-201.2 10.0- 110.0 
Greenspotted + 95.1 52.0 103.9 56.8 23.8-274.3 13.0-150.0 
Copper Rockfish 
Greenstriped 120.5 65.9 141.9 77.6 73.2-219.5 40.0-120.0 
Rockfish + Sablefish 
Distinct Geographic Areas Within Clustered Location Groups 
A map showing the geographic relationships of the clustered fishing location groupings is not 
included in this report due to the sensitivity within the CPFV industry of revealing specific fishing 
locations. However, it is clear that distinct repeating geographic areas become readily apparent when 
the four clustering runs are mapped. 
Geographically distinct sets of locations within a location group included divisions within the 
Chilipepper and Yellowtail location groups based on midwater schooling species; and the Shelf Flats 
and Lingcod groups based on benthic species. The Chilipepper group included locations along the 
ledge of Monterey Canyon as well as similar sites along the ledge of Camel Canyon, suggesting 
separate evaluation of these two areas. The Yellowtail Rockfish group was also composed of two 
geographically isolated areas, the first consisting of most of the fishing locations on the continental 
shelf north of Monterey Bay, and the second composed of a more dispersed series of rnid-depth 
locations situated between shallow and canyon locations from west of Monterey south to Point 
Lobos. The ShelfFlats group for the benthic species could be divided into three distinct geographic 
units, two similar to the North Shelf and Monterey Flats groups based on midwater species, and a 
third unit comprised of most of the mid-depth locations south of Point Lobos. The Lingcod location 
group consisted of locations from both the North Shallow area and the Monterey Flats area. 
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DISCUSSION AND RECOMMENDATIONS 
The location groupings achieved for both the midwater schooling and benthic species groups based 
on Kendall's Tau coefficient clustering were remarkably similar. This indicates that for location 
clustering that equally weights all species, the original concern which guided the decision to split 
species into two groups may not have been warranted. It appears that similar environmental factors 
- - 
determine the overall distribution patterns of both species groups. If species are to be equally 
weighted during future clustering of project data, perhaps combining all midwater schooling and 
benthic species together will be the best approach. If dominant species weighting is to be used in 
future work, then the two species groups should be clustered separately. Otherwise the dominant 
rnidwater schooling species would dictate location group clustering and results would not account 
for the benthic species. 
Although species composition among the location groups defined by the various cluster runs were 
distinct when compared directly to each other, species assemblage boundaries were gradual without 
sharp geographic margins. This pattern is expected if species are distributed independently on 
environmental gradients, rather than if species assemblages consist of highly coevolved interdependent 
species (Mahon and Smith 1989). The fact that sharp species assemblage boundaries are not present 
limits to a degree the value and potential fbture use of these results to define ecologically based 
fishery management units. However, location groups were geographically and bathymetrically distinct 
enough to define seven general areas that could be used to identifjr distinct fishery zones. Distinct 
location groups will also allow for fbture evaluation of species mean length and length ranges over 
the smaller, distinct areas. This could allow for hture management practices to be implemented over 
the specific areas where species or co-occurring species are found and may allow for the management . 
of individual species or species groups. 
The seven geographically and bathymetrically distinct zones include: i) Monterey Canyon Ledge; ii) 
Camel Canyon Ledge; iii) North Shelf group; iv) South Depth Transition group; v) Monterey Flats 
Group; vi) South Shallow group; and vii) North Shallow group. Of the four sets of clustering results, 
the location groups defined by Tau coefficient clustering for the midwater species group comes 
closest to mirroring these seven zones. 
There appears to be an overriding habitat variable or set of variables which dictates the distribution 
patterns of many of the species of both species groups. Depth is obviously strongly correlated to the 
location grouping patterns observed. However, other habitat variables such as dominant substrata 
type or topographic relief are likely to be significantly related to the resultant location groups 
(Richards 1987, Pearcy et al. 1989, Stein et al. 1992, Murie et al. 1993). Recent research has begun 
to develop a classification system for habitat variables that may be important to rockfish species in 
Monterey Bay (M. YoMavich, National Marine Fisheries Service, pers. comm.). This work holds 
much promise towards developing an understanding of the relationship between habitat variables and 
species distribution and abundance. 
The location groupings represent species complexes observed during previous studies of Pacific coast 
rocHsh species distributional patterns and their relationship to habitat. Hallacher and Roberts (1985) 
observed a similar compilation of rockfish species to that seen in the South Shallow group defined 
in this study fiom their in situ surveys on the depth distribution of rocMsh species found in the kelp 
forests of Camel Bay. Adult blue, olive, and gopher rockfishes co-occurred and were found in 
greatest abundance at the deepest sites surveyed (25.5 m). Rockfish species distribution patterns 
described by the deeper-water location groups in this study were similar to bottom trawling results 
reported for the Monterey Bay area by Gunderson and Sample (1980). Their work confirmed 
concentrations of canary and yellowtail rockfishes in the North Shelf location group, and bocaccio 
and chilipepper in the North Shelf location group and along the northern edge of Monterey Canyon. 
Guidelines For Future CPUE Analyses 
Species CPUE could be evaluated separately for each geographically and bathymetrically distinct set 
of locations that occur within a location group because they may be subject to different fishing 
pressures or environmental conditions. However, the benefits of evaluating mean annual species- 
specific trip visit CPUE over smaller and smaller geographic areas must be weighed against the 
drawbacks of calculating a mean trip visit CPUE based on a smaller number of trips. Reducing the 
geographic area means more uniform data which reduces the variance of CPUE estimates, but to do 
this, the number of trip visits included in the analysis must be reduced which could potentially reduce 
the precision of the CPUE estimates. 
Tables 10, 1 1, 18, and 19 can be used to evaluate how well location groups define species 
distributional boundaries. The rearranged location by species matrices could be used to determine 
which location groupings should be used for each species during future analyses to calculate CPUE 
and mean length. 
Kendall's Tau coefficient or Pearson coefficient clustering could be used to group locations 
depending on the objective. If more precise CPUE estimates for the most dominant species (the top 
5 or 6 species) are desired, Pearson coefficient clustering should be used. If a more ecologically based 
location clustering pattern is desired, which gives all species equal weighting, then Kendall's Tau 
coefficient should be used. In order to truly understand the degree to which various clustered location 
grouping patterns effect the precision of future species annual CPUE estimates, the estimates and 
associated variance and confidence intervals should be calculated and compared. 
CPUE calculation for species which occurred at relatively abundant levels at most of the fishing 
locations within two or more location groups could be treated in one of several ways depending on 
the objective. For a few species with relatively broad distributional patterns (canary rockfish, 
yellowtail rockfish, bocaccio, lingcod, vermilion rockfish, and copper rockfish), the use of location 
groups would not significantly reduce the areas over which CPUE will be calculated because most 
location groups would be used. For the rarer species, determining how to use the location groups 
could involve a significantly greater degree of subjective judgement because catch data do not 
represent species distributional boundaries as well as they do for more abundant species. 
An alternative way of using the clustering results could be to use them as a loose guide to evaluate 
species CPUE and to group species length data. Using the location by species CPUE data matrix 
organized by clustered groups as a guide, locations would be selected without regard to location 
cluster and would be tailor-selected for each species solely to best represent the species distribution 
within the study area. This approach might work best for infrequently observed species with low 
catch rates such as brown rockfish, flag rockfish, petrale sole, shortbelly rockfish, and bank rockfish 
(see Tables 10,11,18, and 19). The clustered location groupings would not be used to rigidly define 
the areas over which CPUE is evaluated for an entire group of species. Distinct geographic areas with 
associated fish assemblages within a port group area would not be defined. Instead, the grouping 
pattern obtained through clustering would be used for each species as a general guide to define the 
geographic areas over which CPUE and length data are to be evaluated. Cuts along the dendogram 
tree could be arbitrarily made anywhere along the dissimilarity scale that best suited location grouping 
for each species. 
Guidelines for Future Cluster Analyses of CPFV Data 
Species should be evaluated over distinct contiguous geographic areas. If obvious geographic breaks 
occur within a clustered group of locations, separate evaluation of species CPUE and length data for 
each geographically distinct area should be considered. 
The question of the appropriateness of the groupings of certain locations should be addressed in any 
*re cluster analyses. Inappropriate groupings can be due to several factors including low sampling 
effort and inclusion of inappropriate species in the analysis. First, species CPUE estimates for a 
specific location may lack precision because of low sampling effort. This can cause artificially high 
or low estimates which cause inappropriate location group clustering. The minimum number of five 
observed fishing trip visits per location should be used as the criterion for the inclusion of location 
data in any fiture cluster analysis of project data. Early cluster runs indicated that below this level of 
sampling effort erroneous results are likely and grouping patterns are less geographically distinct. 
There is a tradeoff, however, between excluding locations and having enough locations to provide 
a useful base on which to develop CPUE estimates. This must be considered particularly if similar 
analyses are considered for project areas outside the Santa CruzIMonterey port area where the total 
number of observed trips is lower. Second, pelagic schooling species such as chub mackerel and jack 
mackerel can confound clustering of locations (particularly those with low sampling effort) because 
catches tend to be large when they occur and are "spotty" on both temporal and spatial scales. It was 
clear during early runs that these species had an undue influence on location grouping and that the 
distribution ofthese species seemed to be unrelated to the factors influencing the distribution of most 
other species in the data set. 
Locations that cover severe transitions in depth deserve special treatment. These locations are more 
likely to be problematic in forming clusters because they combine catches from both shallow and 
deeper water species complexes. They also can be the only location within a clustered group that 
contains a species which has important consequences ifthe clusters are to be used to evaluate species 
CPUE or species length data over distinct geographic areas. Many examples of this occur in locations 
that are "sitting on the fence" between two clustered groups. Examples in this study included 
locations 1, 2, 3, 5, 7, 8, and 10. 
This problem could be handled in one of two ways depending on future objectives: i) Locations that 
cover depth transition areas could be reassigned after classification using best judgement as in this 
study. This involved a compromise between including the location with either a shallow water or 
deeper water location group and having locations boundaries mirror the distribution boundaries of 
some species better than others. ii) Individual trip visits to these locations could be evaluated prior 
to clustering to determine if each can be categorized into a "shallow" or "deep" sub-location based 
on the depths fished during each trip. These two sub-locations could then be treated as individual 
locations during the clustering procedure. This could potentially result in more distinctive boundaries 
between the clustered location groups. 
It may be useful to use cluster analysis or a similar technique to search for repeating species 
membership in the location groupings of other port group areas. This will improve our understanding 
of large-scale geographic patterns of fish assemblages for the fishery in other areas. This perhaps 
would hrther clarify whether ecologically-based management units defined through multivariate 
analysis are advised. In addition, it would allow project staff to better delineate port-specific areas 
of concern for particular species or species groups. 
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